Starter culture-infecting bacteriophages have become a major problem of food fermentation because of their ability to ruin fermentation. This study aims to isolate and characterize a phage having ability to infect Lactococcus lactis RP359, a starter culture of kem-buk-nud, a traditional Thai fermented food. A lytic phage RP359 was isolated from a kem-buk-nud sample and produced clear plaques of 1 to 1.5 mm in diameter. It was highly specific to L. lactis RP359. Since phage RP359 was a tailed phage with a contractile tail and its genome was double stranded DNA, the phage was classified as a member of the family Myoviridae. Structural protein profile of the phage studied by SDS-PAGE consisted of 5 bands with molecular masses of 80, 57, 40, 25, and 15 kDa. The highest phage adsorption rate of 85% was observed at 20 min of infection. Although the phage was tolerant to high temperature, the temperature dependent reduction of phage titer was observed over the temperature ranging from 60 to 90C. The influence of Ca 2+ ion on phage propagation was also observed with the optimal concentration of Ca 2+ ion of 20 mM. Phage RP359 is the first starter culture-infecting phage isolated from kem-buk-nud. Knowledge of its characteristics and infection mechanism might help to improve the starter culture dependent fermentation of kem-buk-nud.
INTRODUCTION
Among the various food fermentation processes, lactic acid fermentation is one of the oldest and most widespread. In Thailand, lactic fermentation technology has been indigenously developed for an extensive range of raw materials yielding an extensive range of products. Kem-buk-nud is one kind of Thai fermented foods which is consumed in almost all communities in northeastern Thailand. It is traditionally made from pieces of fresh fish mixed throughly with salt, minced pineapple and then packed in a bottle. It is generally fermented for at least 6 months. Since fermentation of kem-buk-nud is still carried out by indigenous bacteria, its quality and safety vary from batch to batch. In order to abate the trouble, the use of nisin-producing Lactococcus lactis RP359 starter culture in fermentation of kem-buk-nud is considered as a better way to get higher quality and safety of the product (Rattanachaikunsopon and Phumkhachorn, 2008) . *Corresponding author. E-mail: rattanachaikunsopon@yahoo. com. Tel/Fax: +6645-288380. Unfortunately, phage (or bacteriophage) infection of the starter culture remains an important problem in the fermentation process. Although good manufacturing practices have considerably reduced the incidence of complete starter culture failure, phages are still an everpresent threat causing slow fermentations with ensuing schedule disruptions and low-grade product. Therefore, the problematic phage causing starter culture failure needs to be investigated.
Phages occur everywhere in the biosphere. The number of phage species in nature has been evaluated at several 100,000 or even millions (Rohwer, 2003) . The immense majority of viral sequences are not found in database and only a few can be related to known phages such as T4 and T7 (Breitbart and Rohwer, 2005) . Moreover, most phages are from Europe and America, while almost nothing of phages in the environments of other vast regions has been known. Knowledge of the phage world is evidently incomplete and still seems to be comprehended quite a little (Ackermann, 2003) .
According to its life cycle, phages can have two different replication cycles. If the phage DNA is integrated into the host, the phage can then stay within the bacteria causing no harm. This pathway is called the lysogenic cycle. On the other hand, the phage can also cause lysis and death of the host after it reproduces inside the host and subsequently escapes with numerous progeny through the lytic cycle.
Lytic phages are the most significant cause of fermentation failures worldwide. Due to their harmful effects on fermentation as well as their biodiversity within ecological niche, numerous lactococcal phages have been isolated and characterized, with the overall aim of improving phage control strategies (Deveau et al., 2006) . They have been grouped in 12 species (Jarvis et al., 1991) , later reduced to 10 (Josephsen and Neve, 1998), out of which 936, P335 and c2 are the most frequently isolated from dairy fermentations. According to the International Committee on Taxonomy of Viruses (ICTV), phages are members of the Caudovirales order which contains three major families, namely, the Myoviridae (with long, contractile tail), the Siphoviridae (with long, noncontractile tail), and the Podoviridae (with short tail). Lactococcal phages are mainly members of the Siphoviridae family, with a few members from the Podoviridae (Maniloff and Ackermann, 1988) and Myoviridae families (Deveau et al., 2006) .
The present study focused on the isolation and characterization of a lytic phage of L. lactis RP359. The basic properties of this phage were examined including host range, morphology, structural proteins and type of genome, adsorption on its host, effect of calcium ions on phage propagation, and thermal stability. The results should be used as basic information to find out successful strategies for controlling the phage in the fermentation process.
MATERIALS AND METHODS
Bacteria, phage, culture conditions and phage titration L. lactis RP359 strain was used as a host bacterium for phage isolation and propagation. The strain was grown in deMan Rogosa Sharpe (MRS) medium at 30°C. To test the host range of the phage, 20 strains of LAB were used (Table 1 ). All the LAB used in this study was grown in MRS medium at 30°C. The bacterial cultures were stored as stock cultures in MRS broth supplemented with 20% (vol/vol) glycerol at -70°C.
The phage was purified by single plaque isolation (Lu et al., 2003) . A single plaque was picked from the lawn of the bacterial host, and propagated in 10 ml of an early log phase L. lactis RP359 culture (10 6 CFU/ml) in MRS broth, supplemented with 10 mM CaCl2 (MRS-Ca). After incubating at 30°C for 24 h, phage lysate was centrifuged at 4500  g for 10 min. The supernatant was filtered through 0.45 m membrane filter (Sartorius, Goettingen, Germany). Phage stock was stored at 4°C, and an aliquot was frozen at -70°C.
Phage titer was enumerated as plaque forming unit (PFU/ml) by using the double-layer agar plaque method. Briefly, 100 l of diluted phage solution, 100 l of the 24 h-bacterial culture, and 5 ml of MRS-Ca soft agar (0.4% agar) were mixed in a glass tube and poured onto a MRS agar containing Petri dish. Plates were incubated for 24 h after which, plaque forming unit were Phumkhachorn and Rattanachaikunsopon 6679 counted.
Phage isolation
Phage was isolated from kem-buk-nud samples which were randomly purchased at local markets in Ubon Ratchathani province, Thailand. To prepare the samples for phage isolation, 5 g of samples were mildly blended in 50 ml of phosphate buffered saline (PBS) with stomacher apparatus and the homogenates were centrifuged at 4500  g for 10 min and the supernatants were collected for phage isolation. Phage was isolated from the samples by using enrichment protocol (Lu et al., 2003) . The obtained supernatant of the samples was added to an equal volume of double strength MRS-Ca broth and incubated with an early log phase of host culture. After incubation at 30°C for 24 h, the medium was centrifuged at 4500  g for 10 min. The obtained supernatant was passed through 0.45 m membrane filter for ascertainable bacterial sterilization and then the filtrate was tested for the presence of phage.
Phage detection and host range determination
Phage detection was performed by using a spot test method (Lu et al., 2003) . The test was used for the presence of phage by observing lytic activity of phages. Soft agar in 5 ml MRS-Ca broth was seeded with 0.1 ml of early log phase host culture, mixed thoroughly, and poured onto an MRS agar plate. After solidification, 10 l of phage filtrate was spotted onto the top agar layer. After drying, the plate was incubated at 30°C for 24 h. A clear zone in the plate, resulting from the lysis of host cells, indicated the presence of phage. Spot test was also used for phage host range study with LAB listed in Table 1 .
Influence of calcium ions on phage propagation
Calcium effect on phage propagation was determined in seven 15 ml test tubes. Ten milliliters of early log phase host culture in MRS broth was transferred into each of the seven tubes containing 0, 1, 10, 20, 30, 40 or 50 mM supplemented CaCl2. After the final volume was adjusted with sterile distilled water, each tube was infected with the phage at an MOI of 0.01. After incubation at 30°C for 24 h, the phages were enumerated in all tubes by the double-layer agar plaque method.
Phage adsorption
Phage adsorption rates on the host cells were carried out by the method of Quiberoni et al. (2004) with some modifications. Exponentiallly growing (OD600nm = 0.5) host strain cultures in MRS broth were centrifuged and resuspended at a concentration of about 10 8 CFU/ml in MRS-Ca broth. The phage was added at a MOI of 0.01, and a phage-host mixture was incubated at 30°C. Aliquots of the mixture were taken at 0, 5, 10, 15, 20, 25 and 30 min after infection and centrifuged at 4500  g for 10 min to sediment the phage-adsorbed cells. Then the titers of unadsorbed phages in the supernatant (residual titer) were determined by the double-layer agar plaque method. MRS-Ca broth containing only phage was used as a control. Percent adsorption of the phage was calculated as [(control titerresidual titer)/control titer]  100% (Lu et al., 2003) .
Thermal tolerance of phage
Thermal tolerance of phage was examined at temperature ranging from 60 to 90C. A 1.5-ml microcentrifuge tube containing 900 l of MRS-broth was preheated to a desirable temperature. One hundred microliters of phage solution was added into the tube to obtain a final concentration of about 10 8 PFU/ml. After heating at intervals of 30 s for 3 min, the tube was placed on an ice bath and a sample was taken. The samples were assayed to enumerate surviving phage in PFU/ml.
Study of phage morphology by transmission electron microscopy
Phage preparation for direct visualization by transmission electron microscopy was carried out as described by Watanabe et al. (1970) with some modifications. Briefly outlined, 500 ml of MRS-Ca medium was inoculated with L. lactis RP359, and grown to an optical density at 600 nm of 0.5. The bacterial host was then infected with 5 ml of a phage suspension (10 5 PFU/ml) and incubated for 24 h at 30°C. After centrifugation at 4500  g for 20 min, the supernatant was collected, and was centrifuged at 4°C with a 70.1Ti rotor at 28500  g for 1 h in a Beckman L-80 ultracentrifuge (Beckman, CA, USA). The resulting pellets were resuspended in 5 ml of phage buffer (20 mM Tris-HCl pH 7.4, 100 mM NaCl, 10 mM MgSO4). A purified phage was recovered after centrifugation (4500  g for 20 min) and the supernatant was passed through a 0.45 m membrane filter. The purified phage was stored at 4°C for transmission electron microscopy.
A drop of the purified phage suspension was applied to a carboncoated grid for 5 min, then removed with a pipette and immediately replaced with a solution of 2% (wt/vol) uranyl acetate. After 1 min, the excess liquid was removed with a filter paper. The grid was allowed to air dry for 10 min and examined in a transmission electron microscopy (JEOL, JEM-1230, Japan).
Analysis of phage proteins
Purified phage suspension was precipitated with 4 volumes of icecold acetone. After centrifugation (10000  g, 10 min, 4°C), the pellet was air-dried and resuspended in PBS buffer. Phage structural proteins were analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli (1970) . Briefly, the sample was mixed with 2x sample loading buffer (0.125 M Tris-HCl pH 6.8, 20% glycerol, 4% SDS, 5% -mercaptoethanol, 0.01% bromophenol blue) and then heated in a boiling water bath for 3 min, followed by separating the proteins in the gel (12%). Protein bands were visualized by staining the gel with Coomassie brilliant blue.
Restriction digestion of phage genome
Phage genome was isolated according to the protocol provided with a commercial kit (PureLink TM Viral RNA/DNA Mini Kit, Invitrogen, Carlsbad, CA, USA). Purified phage genome was digested with PstI restriction endonuclease under the condition prescribed by the manufacturer (Promega, Madison, WI, USA). After digestion, the sample was heated for 10 min at 70°C to avoid possible cohesive end ligation. Electrophoresis of digested genome was carried out on 1% agarose gel in 1x TAE (0.04 mM Tris-acetate, 0.001 M EDTA) and band patterns were visualized by a Dark Reader transilluminator (Clare Chemical Research) after staining with GelStar (Lonza Bioscience, Rockland, ME, USA).
RESULTS
Among 30 kem-buk-nud samples, one phage against L. lactis RP359 was isolated and named RP359. The phage was found to produce a prominent clear spot by the spot test and cause numerously small clear plaques on the bacterial lawn by the double-layer agar plaque method denoting the lytic nature of the phage. An average diameter of plaque sizes is about 1 to 1.5 mm. The purified phage was kept for further studies. The susceptibitity to phage RP359 was also investigated with twenty other bacterial strains by the spot test. None of the tested bacteria was susceptible to this phage (Table 1) . Moreover, the phage could not even lyse other L. lactis strains used in this study. The results indicated that phage RP359 had a narrow host range.
A transmission electron micrograph showed that the phage RP359 particle had an icosahedral head of 70 nm with a contractile tail of 100 nm (Figure 1 ). This implied that the phage belongs to the order Caudovirales and the family Myoviridae in the ICTV classification. Genomic DNA of the phage was extracted and digested with PstI restriction endonuclease, and subsequently subjected to electrophoresis analysis. As shown in Figure 2 , the phage genome could be digested by the tested enzyme. The restriction analysis positively confirmed that the phage RP359 was a double stranded DNA virus. To further characterize, purified phage particles were subjected to SDS-PAGE and proteomic patterns were obtained after Coomassie staining and destaining ( Figure  3 ). Five protein bands were observed on the gel, with the molecular weights of 80, 57, 40, 25, and 15 kDa. The adsorption rate of phage RP359 in the MRS broth with 10 mM CaCl 2 supplementation are shown in Figure  4 . The adsorption rate continuously increased from the beginning of the experiment and reached the maximum rate of about 85% at 20 min. After that, the adsorption rate was somewhat stable throughout the experiment. Thermal tolerance of phage RP359 was determined by testing its survival under different temperatures for 180 s. The reduction of phage was temperature dependent ( Figure 5 ). No significant change of phage titer was observed when the phage was treated at 60°C. The phage titer decreased from about 8 log PFU/ml to about 4, 3, and 2 log PFU/ml after heat treatment at 70, 80, and 90°C, respectively. However, there was no completely elimination of the phage in all temperature treatments. The influence of divalent cations on phage propagation was investigated by incubation (30°C for 24 h) of infected L. lactis RP359 culture in MRS broth without and with 1, 10, 20, 30, 40, and 50 mM CaCl 2 . The results showed that divalent Ca 2+ ion was necessary for lysis of the phage-infected cells in the MRS broth and the optimal concentration of CaCl 2 in the medium was 20 mM ( Figure  6 ). An addition of CaCl 2 over than 20 mM in the medium decreased the phage titers.
DISCUSSION
Food fermentation is one of the food preservation methods. It not only extends food shelf-life but also creates unique property of food such as texture, aroma and taste. Lactic acid bacteria are a major group of microorganisms responsible for food fermentation process. Most of food manufacturers have currently produced fermented food by using LAB starter cultures because quality and safety of final food products can be controlled. Like many food fermentations using starter cultures, the production of kem-buk-nud, a traditional Thai fermented food, by using L. lactis RP359 as a starter culture can fail due to the infection of the starter culture by phage. Knowledge of properties of phages infecting starter cultures may be helpful for fermented food manufacturers to find suitable ways to prevent such infection. We, therefore, isolated and characterized a phage capable of infecting L. lactis RP359.
Phages are generally isolated from environments that are habitats for the respective host bacteria (Nakai and Park, 2002) . Since L. lactis RP359 used as a main host in phage screening isolated from kem-buk-nud (Rattanachaikunsopon and Phumkhachorn, 2008) , kembuk-nud would be an ideal source for isolation of L. lactis RP359 phages. Several previous works also found phages in the same kinds of foods where their hosts were isolated. For examples, Lactobacillus plantarum JL-1 and its phage was isolated from fermented cucumber (Lu et al., 2003) and L. lactis subsp. Lactis TFF221 and its phage was isolated from kung jom, a traditional Thai fermented shrimp paste (Phumkhachorn and Rattanachaikunsopon, 2011) . Although this work is not the first report presenting the isolation of phage specific to bacteria used as starter cultures in Thai fermented food, it is the first report showing the presence of phage specific to L. lactis RP359 in kem-buk-nud.
The genome of RP359 was found to be double stranded DNA because it was digested with restriction endonuclease. As a tailed phage with double stranded DNA, RP359 fell into the order Caudovirales that contains three families of tailed viruses that infect Bacteria and Archaea (van Regenmortel et al., 2000) . Possession of an icosahedral head and a contractile tail would tentatively place it in the family Myoviridae. 
